Interaction between the antidepressant-like behavioral effects of beta adrenergic agonists and the cyclic AMP PDE inhibitor rolipram in rats.
Type 4 phosphodiesterase (PDE4) is critical for hydrolysis of cAMP formed by stimulation of beta adrenergic receptors. However, it is not known if PDE4 is associated with beta adrenergic receptors in the mediation of antidepressant-like effects. The aim of the study is to determine the relationship between PDE4 and beta adrenergic receptor-mediated cAMP signaling in mediating antidepressant-like effects. The effects of the PDE4 inhibitor rolipram, alone or combined with dobutamine or clenbuterol, selective beta-1 and beta-2 adrenergic agonists, respectively, on behavior were examined in rats under a differential reinforcement of low rate (DRL) schedule and rats trained to discriminate rolipram from vehicle. Their effects on cAMP in primary cultures of rat cerebral cortical neurons also were determined. Rolipram (0.01-0.3 mg/kg), dobutamine (1-30 mg/kg), and clenbuterol (0.03-0.3 mg/kg) dose-dependently produced antidepressant-like effects on DRL behavior, decreasing response rate and increasing reinforcement rate. The effects of beta adrenergic agonists were potentiated by rolipram. Isobolographic analysis revealed that rolipram enhanced the antidepressant-like effect of dobutamine additively and that of clenbuterol synergistically. Consistently, a combination of ineffective doses of rolipram (0.03 mg/kg) and dobutamine (3 mg/kg) or clenbuterol (0.03 mg/kg) completely substituted for the rolipram discrimination stimulus. Further, incubation with an ineffective concentration of clenbuterol, but not dobutamine, in the presence of a subeffective concentration of rolipram, significantly increased cAMP in cultured cortical neurons. PDE4 plays an important role in regulating cAMP signaling by either beta-1 or beta-2 adrenergic receptors that mediate antidepressant-like actions; beta-2 adrenergic receptor-mediated cAMP signaling appears more responsive than beta-1 cAMP signaling to PDE4 inhibition.